The aim of the present analysis was to evaluate the association of the Mediterranean diet (MeDi), smoking habits and physical activity with all-cause mortality in an Italian population during a 20-year follow-up study. A total of 1693 subjects aged 40-74 who enrolled in the study in 1991 -5 were asked about dietary and other lifestyle information at baseline. Adherence to the MeDi was evaluated by the Mediterranean dietary score (MedDietScore). A healthy lifestyle score was computed by assigning 1 point each for a medium or high adherence to the MedDietScore, non-smoking and physical activity. Cox models were used to assess the associations between lifestyle factors and healthy lifestyle scores and all-cause mortality, adjusting for potential confounders. The final sample included 974 subjects with complete data and without chronic disease at baseline. During a median of 17·4 years of follow-up, 193 people died. Subjects with high adherence to the MedDietScore (hazard ratio (HR) 0·62, 95 % CI 0·43, 0·89)), non-smokers (HR 0·71, 95 % CI 0·51, 0·98) and physically active subjects (HR 0·55, 95 % CI 0·36, 0·82) were at low risk of death. Each point increase in the MedDietScore was associated with a significant 5 % reduction of death risk. Subjects with 1, 2 or 3 healthy lifestyle behaviours had a significantly 39, 56, and 73 % reduced risk of death, respectively. A high adherence to MeDi, non-smoking and physical activity were strongly associated with a reduced risk of all-cause mortality in healthy subjects after long-term follow-up. This reduction was even stronger when the healthy lifestyle behaviours were combined.
The concept of the Mediterranean diet (MeDi) was originally conceived by Ancel Keys in the Seven Countries Study; the main finding of the prospective evaluation of that study's participants was that all-cause and CHD mortality rates were lower in cohorts where olive oil was the main dietary fat as compared to northern European cohorts (1) . The dietary pattern identified in these cohorts was characterised by an abundance of plant foods, including: fruits, mainly as a typical after-dinner dessert, vegetables, as either a main or a side dish, a lot of bread, other forms of cereal, legumes, nuts and seeds. Olive oil was the principal source of fat. The so-called MeDi also included moderate amounts of dairy products (principally cheese and yogurt), low to moderate amounts of fish and poultry, red meat in low amounts and wine, which was consumed moderately during meals (2) .
Since the Seven Countries Study, the beneficial effects of the MeDi on several chronic diseases, including CVD, cognitive decline and Alzheimer's Disease, cancer and diabetes, have been widely investigated and replicated in many observational studies and in some clinical trials (3 -10) . Moreover, there is consistent evidence that MeDi reduces total mortality in both Mediterranean and non-Mediterranean populations (11 -21) . In these prospective evaluations, the follow-up period varied from 5 to 14 years and adherence to MeDi was mostly assessed by scores that were population-specific; thus, the same score could reflect different patterns of food consumption in different studies, and no direct comparisons could be made between studies (22) . Because adherence to a healthy diet such as the MeDi may also reflect adherence to a broader healthy lifestyle pattern, several cohort studies have investigated the effects of other lifestyle factors on total mortality (15,23 -27) . However, to the best of our knowledge, only two studies have examined the combined effects of MeDi adherence, smoking status and physical activity on all-cause mortality (25, 27) . There are no data thus far on the relationship between adherence to the MeDi, which is defined with an a priori index based on the principles of the Mediterranean pattern, and death with a relatively large follow-up period. Furthermore, little is known about the association between combined lifestyle behaviours, such as adherence to the MeDi, smoking habits and physical activity, and death in an apparently healthy population. Thus, the aims of the present analysis were (1) to investigate the relationship between adherence to an a priori MeDi score and its components and all-cause mortality in a 20-year follow-up study of an Italian cohort of healthy subjects; and (2) to evaluate the role that other lifestyle factors, such as smoking habits and physical activity, as well as a combined lifestyle index, play in death risk.
Subjects and methods

Baseline
Study population. Participants were recruited from 1991 to 1995. The study population was a simple random sample of subjects aged 40 -74 years who were drawn from the residents' registries of two towns in Northern Italy (the Lombardy region). Participants were recruited to investigate the prevalence of and risk factors for major eye diseases (28) . An invitation letter was sent to 2882 subjects explaining the study objectives and procedures. Subsequently, each person was contacted by phone to collect consent and to book an appointment at the local hospital. Of the total individuals invited, 1693 (58·7 %) agreed to participate. During their hospital visit, participants were asked to fill out a series of questionnaires regarding medical and family history, past and current drug use and lifestyle habits. They also underwent a general clinical assessment that included anthropometric measurements (height, weight, body circumference and skinfold thickness) and arterial blood pressure measurement on both arms, and they provided a fasting blood sample for biochemical assessment (haematology, glycaemia and lipid profile). The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the ethical review board of the National Research Council of Segrate (Milan). Verbal informed consent was obtained from all subjects. Verbal consent was witnessed and formally recorded.
Assessment of dietary intake. Usual dietary intake during the year preceding recruitment was assessed with the use of an FFQ administered by a trained interviewer. This quantitative FFQ (a modification of Willett's questionnaire in the Nurses' Health Study (29) ) consisted of a list of 158 foods (items) arranged in thirteen categories (bread/cereal products, eggs/meats and processed meats, fish, dairy products, cheese, vegetables, oils/condiments/sauces, fruits, sweets and candies, beverages/coffee, alcohol, sugar and miscellaneous). Participants were asked to indicate how often they consumed a given item according to a seven-category frequency scale: never, 1 -3 times/month; 1 -2 times/week; 3 -4 times/week; 1 time/d; 2 -3 times/d; or 4-5 times/d. The amount of food consumed was assessed by the selection of a picture of a food portion. Daily intakes of nutrients were calculated using the food composition database, which was compiled for epidemiological studies in Italy (30) . Dietary information was missing for 251 participants.
Other assessments. Procedures for the anthropometric measurements have been described in detail elsewhere (31) . BMI was calculated as weight (kg) divided by height squared (m 2 ). Education was classified with two levels: (1) primary school or less or (2) medium or high school. In relation to smoking status, subjects were categorised as either never or ever (former or current smokers).
A section of the questionnaire assessed occupational and leisure-time activities based on the time subjects spent watching TV (three categories: , 2 h/d, 2 -4 h/d or more than 4 h/d) and the frequency with which they practiced sports (two categories: physically active (if they were engaged in at least one sport) or physically inactive).
For alcohol consumption, subjects were categorised as either (1) Physicians ascertained the presence of chronic diseases (CVD, diabetes and cancer) at baseline during the hospital visit. Participants who self-reported to have a disease or to use drugs for a specific disease were considered prevalent cases (for fifty-eight subjects, this information was missing). At baseline, 16·3 % of subjects reported a diagnosis of CVD, 3·8 % reported cancer and 6·6 % reported diabetes. Because CVD, diabetes and cancer increase the risk of mortality and in order to minimise the possibility that diet or lifestyle were changed in response to morbidity, we excluded subjects who had a chronic disease at baseline.
Mediterranean dietary score. Adherence to the MeDi was evaluated with the MedDietScore (32) . Assessment was based on the weekly consumption of eleven foods and beverages groups: non-refined cereals (wholegrain bread and pasta, brown rice, etc.), fruits, vegetables, legumes, potatoes, fish, meat and meat products, poultry, full-fat dairy products (cheese, yogurt and milk), olive oil and alcohol. For the consumption of items that were presumed to closely follow the MeDi pattern (i.e. cereals, fruits, vegetables, legumes, potatoes, fish and olive oil), subjects who reported no consumption was assigned a score of 0, and scores of 1 -5 were assigned for rare to daily consumption. For the consumption of foods that were presumed to diverge from this diet pattern (i.e. meat and meat products, poultry and full-fat dairy products), subjects were assigned scores on a reverse scale (i.e. from 5 when they reported no consumption to 0 when they reported almost daily consumption). For alcohol intake, a score of 5 was assigned for consumption of less than 300 ml of alcohol/d, a score of 0 was assigned for no consumption or for consumption of . 700 ml/d and scores of 4 -1 were assigned for consumption of 600-700, 500-600, 400-500 and 300-400 ml/d (100 ml have 12 g of ethanol concentration), respectively. The total possible score ranged from 19 to 45. Higher values of this diet score indicated greater adherence to the MeDi. In the present study, information about nonrefined cereals was not collected, so we replaced non-refined grains with all kinds of pasta, rice and flour.
Healthy lifestyle score. In order to evaluate the combined effect of lifestyle factors, a lifestyle score was calculated by adding the individual values for the MedDietScore, physical activity level and smoking status. The MedDietScore was categorised in tertiles. Individuals scored 0 points if they belonged to the lowest tertile, and they scored 1 point if they belonged to the medium or highest tertile. For smoking, individuals were considered to be at low risk (1 point) if they had never smoked and at high risk (0 points) if they were former or current smokers. Individuals who were physically inactive were considered to be at high risk (0 points), and subjects who were physically active were considered at low risk (1 point). The total possible score ranged from 0 to 3.
Follow-up
Ascertainment of vital status and outcome. To retrieve subjects with available data on vital status, a deterministic record linkage between the baseline cohort and the Regional Registries of the Informative System of the Local Health Authority of Milan 1 was developed using two match keys: first, by matching fiscal code or health card number (step 1) and second, by matching full name and date of birth (step 2). A check was then performed for duplicate cases or discrepancies. Of the initial 1693 study participants, 1604 were retrieved after the record-linkage procedure; of those, thirty-five migrated before the follow-up date (31 October 2012).
The final cohort with complete data on vital status was followed up for death using the regional Registry of Mortality. Causes of death were coded and classified according to the International Classification of Diseases, ninth and tenth revisions (ICD-9 and ICD-10), coding system. ICD-9 codes 390-459.9 and ICD-10 codes I00 -I99 were used for defining specific-cause death for CVD, and ICD-9 codes 140-239.9 and ICD-10 codes C00 -D99 were used for defining cancer. Mortality from other causes was defined as total deaths minus deaths from unknown causes, CVD and cancer. The final sample that was analysed consisted of 974 subjects (483 men and 491 women) who did not previously have chronic diseases (CVD, cancer or diabetes), with vital status ascertained and with complete dietary data (Fig. 1 ).
Statistical analysis
Continuous variables were presented as means and standard deviations. of follow-up, whichever came first. Cox proportional hazard regression models were used to estimate the effects of diet, smoking status and physical activity as well as their combined effect on all-cause mortality. Relative risks were estimated as hazard ratios (HR) with 95 % CI. Initial crude analyses were performed. Further models were adjusted for age at baseline (continuous) and sex (male as reference). Fully adjusted models included education level (primary school or less as reference), smoking status (never smokers as reference), physical activity (no as reference), BMI (continuous, kg/m 2 ), time spent watching TV (33) (,2 h/d as reference) and total daily energy intake (continuous, kJ/d).
The HR for MedDietScore were estimated using the subjects in the lowest tertiles of adherence as the reference group. In addition to examining the relationship between the MedDietScore and all-cause mortality, we also investigated the effects of each single component of the diet score on death. The median of each component was used as a cut-off point, and the value below the 50th percentile was considered the reference category. First, we evaluated the effects of each of the eleven food components, including age, sex, education level, BMI, physical activity, smoking status, time spent watching TV and energy intake, in the model. Then, all of the components were introduced simultaneously in the model. The association between healthy lifestyle score and death was evaluated in multivariate-adjusted Cox regression models that controlled for age, sex, education level, BMI, time spent watching TV and energy intake. Subjects who scored 0 points on the lifestyle score were considered the reference group. All statistical analyses were performed using SPSS software package version 19.0 (IBM Corporation, 2010; IBM SPSS Statistics for Macintosh).
Results
Baseline characteristics of the cohort and all-cause mortality data according to sex are presented in Table 1 . The mean age of males and females was 55·8 and 55·7 years, respectively. The BMI values were almost similar between the two groups. Males were more educated and were more frequently former or current smokers and heavy drinkers as compared to females. Overall, 21·5 % of the subjects were physically active. (Gymnastics, swimming, using an exercise bike or cycling, tennis and running were the most commonly practiced sports). The median follow-up with the participants was 17·4 years, with a minimum and maximum follow-up of 4 months and 21·4 years, respectively. During the follow-up period, 16 926 person-years were accrued, and 193 deaths occurred (131 men and sixty-two women). The main cause of death for both males and females was cancer (34·4 and 30·6 %, respectively), followed by CVD (22·9 and 22·6 %, respectively); twenty-one subjects died from other causes, and sixty-four died from unknown causes.
We compared the subjects who were included in the analysis (n 974) with those who were excluded because they previously had chronic diseases (n 379). The excluded subjects were significantly older, had higher BMI, were less educated, were more physically inactive and had higher mortality in comparison with the subjects who were included in the analyses (data not shown). Table 2 presents the proportional HR with 95 % CI for allcause mortality in relation to physical activity, smoking status and tertiles of MedDietScore. In the age-and sexadjusted model, engaging in physical activity (HR 0·56, 95 % CI 0·38, 0·84) and never having smoked (HR 0·71, 95 % CI 0·51, 0·97) were factors that were significantly inversely associated with all-cause mortality. In the multivariate model that was adjusted for age, sex, education, BMI and energy intake, physically active subjects and never smokers had a significant 45 % (HR 0·55, 95 % CI 0·36, 0·82) and 29 % (HR 0·71, 95 % CI 0·51, 0·98) lower risk of death. High adherence to the MeDi significantly reduced the risk of death in the age-and sex-adjusted model (HR 0·64, 95 % CI 0·45, 0·91) and in the multivariate model (HR 0·62, 95 % CI 0·43, 0·89). When we included MedDietScore in the model as a continuous variable, the HR was 0·95 (95 % CI 0·92, 0·98), which meant there was a 5 % reduction of all-cause mortality risk for each 1-point increase in the MedDietScore. No interactions were found between the MedDietScore and the covariates included in the model. Figure 2 shows the adjusted estimated risks of all-cause mortality for single lifestyle factors (physical activity, smoking status and adherence to MeDi). Dots and vertical lines indicate HR and 95 % CI. The P value for the trend test refers to tertiles of MeDi adherence. Table 3 reports the associations between the eleven components of the MedDietScore and all-cause mortality, contrasting high and low consumption and controlling for potential confounders. High consumption of fruits was inversely associated with all-cause mortality (HR 0·71, 95 % CI 0·53, 0·96); the estimates did not change when all of the components were included simultaneously in the model (HR 0·70, 95 % CI 0·51, 0·95). Death risk was not singularly associated with the other components.
Keeping the subjects with a zero healthy lifestyle score as the reference group, the fully adjusted HR estimated in the 1-score, the 2-score and the 3-score groups were 0·61 (95 % CI 0·41, 0·89), 0·44 (95 % CI 0·29, 0·67) and 0·27 (95 % CI 0·12, 0·61), respectively. The test for a linear trend was statistically significant with P, 0·001. Cumulative survival curves adjusted for healthy lifestyle scores are presented in Fig. 3 .
Sensitivity analyses were performed to determine the robustness of the present results. The statistical analyses were repeated replacing the MedDietScore with the Mediterranean Diet Score used by Trichopoulou et al. (12) in the models, and the corresponding healthy lifestyle score was recalculated. We found that the results did not change significantly. We observed that subjects in the highest tertile of Mediterranean Diet Score adherence had a low risk of death (HR 0·69, 95 % CI 0·46, 1·03, P for trend of 0·07). Subjects with 1, 2 or 3 healthy lifestyle behaviours had a significant reduced risk of death of 36, 52 and 71 %, respectively.
Furthermore, in order to minimise the potential bias of undiagnosed chronic diseases at the time of enrolment, a sensitivity analysis was carried out excluding subjects who died in the first 2 years of follow-up (n 8), and the estimated relative risks did not change (data not shown).
Discussion
The present analysis evaluated the association between the adherence to MeDi and other lifestyle factors and the risk of all-cause mortality in a healthy Italian population during a 20-year follow-up study. We found that subjects with a high adherence to MeDi, non-smokers and physically active subjects were at a lower risk of death. A healthy lifestyle score that combined all of these factors showed a strong inverse relation with all-cause mortality.
Subjects in the highest tertile of MedDietScore had a 38 % reduction of death risk as compared to subjects in the lowest tertile, and there was a 5 % reduction of death risk for each 1-point increase in the MedDietScore. The present results are consistent with other European and US prospective cohort studies that reported inverse associations between an adherence to the MeDi and total mortality (11 -21) . Two recent meta-analyses summarised the prospective cohort studies that evaluated the association between the MeDi (11, 12) and overall mortality and reported an 8 % reduction for a 2-point increase in adherence to the MeDi (34, 35) . Furthermore, the present results have proven to be not sensitive to the substitution of the MedDietScore with another Mediterranean diet-related score, such as the Mediterranean Diet Score. The biological explanations for the protective role of the MeDi, which is rich in plant-based foods, might include both its antioxidant and anti-inflammatory effects (36, 37) .
When we evaluated the role of the single components of the MedDietScore, we found that subjects with a high intake of fruits had a 30 % reduction of risk for all-cause mortality; however, no strong associations were evident for the other score components. We speculate that the high interaction between the individual components of the score and the fact that single foods may have small effects that appear only when all of the components are included is a pattern (38) .
Still, by analysing the effects of specific components, one might miss associations between diet and disease, because the effects of the individual components are examined against a background of average risk that is associated with other nutrients or foods (39) . Participants who were engaged in at least one sport had a reduction in death risk of 45 %. A recent systematic review and meta-analysis on cohort studies reported that increasing levels of total and domain-specific physical activity reduced the risk of all-cause mortality by 35 %, with stronger associations for exercise, sports, leisure-time activities and activities of daily living, rather than occupational and transport-related activity (40) . In another meta-analysis on longitudinal studies, the authors found that 2·5 h/week (equivalent to 30 min daily of moderate-intensity activity 5 d/week) was associated with a reduction in mortality risk of 19 % as compared to no activity, and 7 h/week of moderate activity reduced the mortality risk by 24 % as compared to no activity (41) . The mechanisms underlying this protective effect could involve the improvement of the cardio-metabolic profile, which results in a reduced risk for vascular diseases that are associated with high mortality risk (42, 43) . In addition, regular physical activity decreases the susceptibility of cells and tissues to oxidative stress, increases vascularisation and enhances energy metabolism (44) . Never smokers had a 29 % lower risk of death than ever smokers. Other cohort studies reported similar risk estimates (45) . Tobacco smoke is a mixture of several toxic compounds that are involved in disease development by different mechanisms (46) . Smoking remains the leading preventable cause of disease and death, and approximately 6 million deaths worldwide every year are attributed to smoking (47) . When considering the combined effects of diet, physical activity and smoking status, a higher number of healthy lifestyle factors was associated with lower all-cause mortality. Compared to subjects in the lowest healthy lifestyle score group, subjects scoring a 1, 2 or 3 points had a 39, 56, and 73 % reduction in their risk of death during follow-up, respectively. The authors of a recent meta-analysis (26) reported a reduction in mortality by 66 % (95 % CI 58, 73) for a combination of different healthy lifestyle behaviours, including smoking, BMI, physical activity, alcohol habits and diet, but only a few previous studies have considered a MeDi food pattern. In the HALE Project Study, which was carried out on individuals aged 70 -90 years, Knoops et al. (15) found that the combination of a high adherence to MeDi, moderate alcohol intake, high levels of physical activity and non-smoking lowered the all-cause mortality rate to 0·35 (95 % CI 0·28, 0·44) during 10 years of follow-up. In a cohort of 120 852 subjects aged 55 -69, the combination of high MeDi adherence, normal BMI, non-smoking and physical activity was associated with a 31 % lower risk of death in women, but not in men, over a period of 10 years (48) . In another large cohort of individuals aged 50 -71 who did not have a chronic disease at baseline, adherence to four low-risk lifestyle factors, including abdominal leanness, performing the recommended amount of physical activity, long-term non-smoking and a high adherence to the MeDi, was associated with a strong reduction in the risk of mortality (HR 0·27, 95 % CI 0·25, 0·29) during 12·5 years of follow-up as compared to subjects who did not adhere to any of these factors (24) . Ahmed et al. (23) found that participants aged 44 -84 (n 6229) who adopted four healthy behaviours (smoking avoidance, regular physical activity, adherence to a Mediterranean-style diet and normal weight maintenance) had an approximately 80 % lower death rate than participants who did not adopt any healthy behaviours during 10 years of follow-up. In the SENECA Study, 1281 subjects aged 70 -75 were followed for 10 years, and three unhealthy behaviours (having a low adherence to MeDi, smoking, and being physically inactive) resulted in a three-to fourfold increased risk of mortality (27) . Finally, in the Italian Rural Area Seven Country Study, a combination of three unhealthy risk factors (smoking, a sedentary lifestyle and a dietary pattern far from the Mediterranean style) was associated with 4·8-year life loss in a 20-year follow-up and a 10·7-year life loss in a 40-year follow-up (25) . Although it was characterised by a long follow-up period, that study was carried out with a cohort of only middle-aged men, and eating habits were derived through an a posteriori approach. Compared to an a priori method, this approach depends on a cohort's characteristics: the pattern derived is highly specific to the diet of the population of interest, and it is greatly influenced by the authors' subjective choices during the analyses (49) ; thus, it cannot be generalised to the general target population and is not applicable to other countries.
Strengths of the present study include its prospective design with a long follow-up as well as the small number of participants who were lost during follow-up, which limited the possibility of selection bias. We investigated a range of potential confounding factors, including age, sex, education level, BMI and energy intake, which allowed us to control for their potential confounding effects in the analysis. Adherence to the MeDi was evaluated by means of a score that is in agreement with the principles of the Mediterranean pattern and was not specific to the dietary consumption of the population studied. Advantages of the MedDietScore include the weighting of the selected food groups based on the frequency of consumption (thresholds were chosen according to an a priori hypothesis) and regardless of the consumptions of the sample studied (22) . Finally, we excluded subjects with chronic diseases at enrolment, which thus reduced the potential effect of disease on lifestyle behaviours such as diet or physical activity. The exclusion of subjects with co-morbidities and those who died very early did not affect the associations we observed.
A limitation of the present study is that the single dietary intake assessment administered in adult life might not have reflected the long-term dietary intake of the participants. Physical activity was self-reported and also assessed only at one single time during adulthood. We considered subjects to be physically active when they were engaged in at least one sport, and we did not take into account free-living physical activity, including standing, walking, sitting or moving around; therefore, we might have underestimated the level of physical activity of the participants. The sample size in the present cohort was relatively moderate; however, this potential limitation was counterbalanced by the long followup period. We also cannot rule out the possibility of residual confounding as a result of other factors that were not considered in the present study, even though we adjusted for the main known risk factors.
In summary, the present findings support the hypothesis that a healthy lifestyle, i.e. adherence to a Mediterranean dietary pattern, abstinence from smoking and regular engagement in physical activity, has a positive effect on reducing the risk of all-cause mortality, especially when the combined effect of all three lifestyle behaviours was considered. These results seem to be clinically relevant in terms of public health, particularly for policy makers that aim to reduce the risk of all-cause mortality in the healthy general population. Primary prevention strategies that encourage healthy lifestyle behaviours will be necessary in order to improve individual and community health.
